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Minimal research has been conducted on fly ash (a byproduct of coal combustion) and 
health outcomes among exposed communities, and even less has looked at its effect on 
children’s behavior. This study specifically looks at fly ash exposure and conduct disturbance, 
using logistic regression to characterize their relationship. Conduct disturbance was gauged by t-
scores of 55 or higher on the dimensions of aggression and delinquency of the Child Behavior 
Checklist. Fly ash exposure was determined by air and surface sampling of the children’s homes.  
While the odds ratios suggested fly ash exposure increases the likelihood of conduct disturbance, 
the results were not statistically significant. Future studies should have a larger sample size. If 
further research confirms a relationship between fly ash and conduct problems, this may lead to 
policy change and preventative measures. It is also important for community members to be 
informed of the potential hazards of fly ash, and for those exposed to know proper steps moving 
forward. 
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 In a study of 4 neighborhoods adjacent to a “coal-burning power plant,” 85% of parents 
in a focus group had a child with a respiratory, emotional, and/or behavioral disorder (Zierold & 
Sears, 2015). A participant elaborated on her neighborhood, explaining “there’s ADHD in this 
house, skip a house . . . three autistic people I know within half a mile” (Zierold & Sears, 2015, 
p. 360). While most residents are aware that pollution from the nearby coal plant could be a 
factor in behavioral disorders, plenty believe there is nothing that can be done.  
Many people who live near coal ash storage sites cannot simply move away as a 
resolution; the selling value of their houses are low, and they often do not have the economic 
means (Zierold & Sears, 2015). One study, Toxic Wastes and Race in the United States (1987), 
found that health detriments from coal pollution disproportionately impact people of color and 
working-class people because these groups typically do not have the political or economic power 
to protect their communities (as cited in Morrone & Buckley, 2011). Environmental justice 
research has repeatedly suggested that power plants and waste sites are more likely to be located 
near minority dominated and low socioeconomic status communities (Morrone & Buckley, 
2011). 
 Limited research suggests fly ash is a cause of health detriments from coal pollution. 
Coal ash is a byproduct of coal-burning, with fly ash making up 62- 80% of coal ash (Hatori et. 
al, 2010; Jankowski, Ward, French, & Groves, 2006). The particles in fly ash are very small, 
which allow them to easily and quickly make their way into the bloodstream (Zierold & Sears, 
2015). Also, metal concentration increases when particle size decreases, (Spencer & Drake, 
1987) making fly ash especially dangerous. Fly ash particles contain toxic metals such as arsenic 
and mercury (Hatori et. al, 2010). 
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 The most concerning aspect of fly ash is its disposal. Fly ash is often stored in uncovered 
landfills and storage impoundments near neighborhoods (Sears & Zierold, 2017). These storage 
sites need to be lined properly to prevent toxic metals from leaching into groundwater. In 2009, 
67% of surveyed states did not meet liner requirements for surface impoundments for coal ash 
storage (United States Environmental Protection Agency, 2015). Additionally, landfills are 
usually not capped, allowing fugitive dust to escape. This represents a serious public health risk. 
 In 2015, the United States Environmental Protection Agency (EPA) announced a rule on 
the disposal of coal combustion residuals (United States Environmental Protection Agency, 
2020). The rule addressed the risks involved with coal ash disposal and set out tighter 
recordkeeping and reporting requirements for storage facilities. In 2018, however, many 
requirements of the rule were rolled back (Earthjustice, 2018). This 2018 rule allowed hundreds 
of leaking ash ponds to remain in operation, as well as it permitted officials to stop groundwater 
monitoring. With these looser regulations, it is even more critical to examine the consequences 
of fly ash on human health. 
The limited number of studies about the relationship between fly ash and health look at 
physical health, for example, its effects on the respiratory system. While some studies do 
examine the association between fly ash and psychological problems, they are usually focused on 
more widely known disorders such as ADHD (Tang et al., 2008; Sears & Zierold, 2017). 
Similarly, other studies look through an even broader lens, where they avoid focusing on a 
particular behavioral disorder.  
There is a lack of research on the role of pollution, specifically fly ash, in conduct 
disorder. The DSM-V (Diagnostic & Statistical Manual of Mental Disorders, Fifth Edition) 
describes conduct disorder as “a repetitive and persistent pattern of behavior in which the basic 
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rights of others or major age-appropriate societal norms or rules are violated” (American 
Psychiatric Association, 2013, p. 469). The diagnostic criteria include “aggression to people and 
animals,” “destruction of property,” “deceitfulness or theft,” and “serious violations of rules” 
(American Psychiatric Association, 2013, p. 469-470). For this study’s purpose, there will be no 
diagnosis of conduct disorder. Rather, the Child Behavior Checklist (CBC) will be used to gauge 
level of conduct disturbance, or the behaviors associated with conduct disorder. 
 More research on the role of environmental factors contributing to conduct disturbance is 
needed because conduct disorder is “one of the most frequent bases for referral of children and 
adolescents for treatment” (Kazdin, 1995, p. xi). There are an estimated 1.3 to 3.8 million 
children in the United States diagnosed with conduct disorder. Additionally, it is considered one 
of the costliest disorders to society due to the externalizing behaviors of the disorder, such as 
violence and property destruction (Kazdin, 1995). These costs are not necessarily limited to 
childhood and adolescence; conduct problems can carry over into adulthood. Specific problems 
can include poor academic and occupational performance, social issues, and difficult behavior 
(Farrington, 1991). 
 The risk for conduct disorder, and therefore conduct disturbance, is calculated by several 
different factors, so environment as a factor should be considered. One study found that exposure 
to lead, methylmercury, and polychlorinated biphenyls (all found in fly ash) were found to 
reduce IQ, attention, and ability to cope with frustration (Carpenter & Nevin, 2010). Problems 
with attention and coping skills are symptoms in conduct disorder, while low IQ is a risk factor 
for developing the disorder (Kazdin, 1995). Damage to the central nervous system (CNS) 
heightens the risk for conduct disorder (Kazdin, 1995), so given pollution’s effect on the CNS, it 
is critical to examine the environment’s role in conduct disturbance.  
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While elements such as lead and methylmercury have a fair amount of research 
examining health effects related to exposure, other trace elements are not as extensively studied 
(Counter & Buchanan, 2004). Since some of these elements, for example, manganese, are 
already in the body, people might not believe that exposure to these elements can have health 
detriments. However, one study explains “depending on exposure route and dose, [manganese] 
accumulates in the body… and causes neurological damage due to its accumulation in the central 
nervous system” (Rodriguez-Barranco et. al, 2013, p. 572). Therefore, harmless-seeming 
elements, even ones associated with cancer prevention such as manganese (Rodriguez-Barranco, 
2013), have the potential for harm. 
 Along with manganese, Rodriguez-Barranco et al. (2013) examines the neurobehavioral 
effects of arsenic and cadmium through a meta-analysis. All of these elements are present in fly 
ash (United States Geological Survey, 2002; Hatori et. al, 2010). One of Rodriguez-Barranco et. 
al’s (2013) findings was that arsenic exposure was linked with memory, attention, and motor 
function problems. These issues are present in children with conduct disorder and suggest frontal 
lobe problems (Lueger & Gill, 1990). Furthermore, as a child’s arsenic exposure increases by 
50%, their IQ decreases by 0.4 (Rodriguez-Barranco et. al, 2013). More drastic, a 50% increase 
in manganese exposure yields a 0.7 decrease in IQ (Rodriguez-Barranco et. al, 2013). In each 
study included in Rodriguez-Barranco et. al’s (2013) meta-analysis, manganese exposure was 
positively associated with behavioral disorders in children. Cadmium exposure was also 
negatively associated with IQ. As mentioned earlier, lower IQ is associated with conduct 
disturbance. 
It has been posited that externalizing behaviors are a result of a lowered ability to 
regulate emotion. Kazdin (1995) notes that children with conduct disturbance often have extreme 
FLY ASH AND CONDUCT DISTURBANCE 
 
8 
emotional responses in instances such as peer rejection and punishment. Other researchers who 
examine the environment’s role in psychological health assess the relationship between smog, 
emotional regulation, and psychopathology in China (Chen, Kong, Yu, & Peng, 2018). China’s 
smog contains a high concentration of particulate matter (PM). Similarly, a significant 
percentage of fly ash mass contains fine particles that have diameters of 2.5m or less (PM2.5) 
(Linak et. al, 2002).  
Chen et. al (2018) found that individual differences in emotion regulation influence the 
development of “pollution-induced psychopathology” (Chen et. al, 2018, p. 2). This study found 
that the use of emotion regulation, particularly cognitive reappraisal, is negatively associated 
with symptoms of psychopathology following acute smog exposure. Therefore, if a child with 
conduct disturbance has a lowered ability to regulate their emotions, they may be even more 
vulnerable to pollution-induced psychopathology.  
In conduct disorder, this lessened ability to regulate emotions leads to antisocial behavior. 
Younan et. al’s (2017) research in urban California areas suggests children and adolescents’ 
long-term exposure to PM2.5 increases delinquent behavior. Delinquency is highest in urban 
neighborhoods (Shaw & McKay, 1942), and so is PM2.5 exposure. The highest levels of PM2.5 in 
this study were found in minority households and neighborhoods with low socioeconomic status 
(Younan et. al, 2017). This is another example regarding the issue of environmental justice 
presented earlier. To strengthen the argument that PM2.5 exposure affects rate of delinquency, 
Younan et. al (2017) note that both crime rates and PM2.5 concentrations (South Coast Air 
Quality Management District, 2013) have decreased. This suggests that environmental 
regulations may be related to the decrease in crime rates (Younan et. al, 2017).  
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To review, there are different factors to consider when examining the relationship 
between conduct disturbance and fly ash exposure. First, there are different neurotoxins such as 
arsenic in fly ash, which damage the central nervous system, increasing the risk of conduct 
disturbance (Hatori et. al, 2010; Rodriguez-Barranco et. al, 2013; Kazdin, 1995). More 
specifically, lowered IQ is associated with many elements found in fly ash, while low IQ is also 
associated with a greater risk of conduct disturbance (Carpenter & Nevin, 2010; Rodriguez-
Barranco et. al, 2013; Kazdin, 1995). Also, fly ash is very easy to inhale due to the small size of 
PM2.5 (Zierold & Sears, 2015; Linak et. al, 2002). PM2.5 exposure leads to lessened emotional 
regulation and delinquency (Chen et. al, 2018; Younan et. al, 2017). These examples reflect the 
probability that fly ash exposure increases the risk of conduct disturbance.  
To summarize, the objective of this study is to assess the relationship between fly ash 
exposure and conduct disturbance in children. Below is the research question and hypothesis of 
the study. 
RQ1: Is there a relationship between fly ash exposure and conduct disturbance in 
children? 
H1: Level of conduct disturbance is positively associated with fly ash exposure. 
Methods 
Participants 
The first participant was recruited in September 2015, with the study continuing to recruit 
until 300 participants are reached. Participants were invited to the study by mail and foot 
recruiting. Requirements for the study included living within 10 miles of the Cane Run or Mill 
Creek power plants located in Jefferson County, Kentucky, living in their present home for at 
least 2 years, being aged 6 to 14 years old, and fluent in English. Children with a head injury or 
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who had certain genetic disorders were excluded. This study has been approved by the 
University of Louisville Institutional Review Board. This project is part of a larger study funded 
by the National Institutes of Health, National Institute of Environmental Health Sciences 
(R01ES024757, PI: Zierold). 
Participants were given consent forms explaining the study and their role. There were 
three different consent forms that needed to be signed by the participants: one where the parent 
or guardian gives consent for themselves, one where the parent or guardian gives consent for the 
child, and one where the child assents for themselves. Participation was voluntary and 
participants were told they could leave the study at any time. If child participants assented, their 
parents or guardians consented, and both completed their portion of the study, the child 
participants were given a $25 VISA gift card and their parents or guardians received a $100 
VISA gift card for their time and effort during their participation. 
Procedures 
The procedures for this thesis were divided into three sections: air sampling, lift tape 
sampling, and questionnaires. Lab members conducted all steps of the study in the participants’ 
homes. 
During consenting, the child’s parent or guardian was given the Child Behavior Checklist 
(CBC) to fill out (Achenbach, 2001). For this questionnaire, the parent or guardian answered 
questions about their child to detect emotional and behavioral problems. Once the CBC was 
returned, a clinical psychologist determined the extent of conduct disturbance by scoring 
participants’ aggression and delinquency scales on the form. They then compared their scales’ 
scores to the norm. In addition to the CBC, the parents/guardians were given several other 
questionnaires to fill out. These questionnaires asked about the child’s exposure to other 
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pollutants (like lead) and home cleaning behaviors. These questionnaires were useful to obtain 
information that would be needed in the statistical analysis assessing the relationship between fly 
ash and conduct disturbance.  Parents/guardians were given a week to fill out these 
questionnaires. 
Lab members then collected lift tape samples (SKC Inc.) from child participants’ 
bedrooms to characterize fly ash on hard surfaces of the home. The lift tapes are plastic 
microscope slides with an adhesive side to pick up particles from hard surfaces in the room. 
Three samples from each room were taken; typical spots for collection included windowsills, bed 
frames, and dressers. During the same day, an air sampler (Personal Modular Impactor, SKC 
Inc.) and a pump (AirChek XR5000) were placed in a room where child participants spent most 
of their time, usually their living rooms. The pumps generate a low humming sound, so it was 
not ideal to place the sampler in the bedroom, in case the sound disturbed child participants’ 
sleep. Samplers were placed in bedrooms only if, for example, there were no unused outlets in 
their most frequented rooms or the parent/guardian stated that the child spent most of the time in 
their room. The pump with the connected air sampler was to run for a week, approximately 
10,000 minutes, with a flow rate between 3.00 and 3.05 liters per minute.  
At the end of one week, lab members returned to participants’ houses to retrieve the air 
sampler and pump. The device’s running time for the week was recorded, and the CBC and other 
questionnaires were picked up. 
Data analysis 
 Fly ash measure. 
 After sampling was complete, filters and lift tapes were sent to Elemental Analysis Inc. in 
Lexington, Kentucky. Scanning electron microscopy with energy dispersive X-ray spectrometry 
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(SEM/EDX) was used to analyze filters. SEM/EDX determines presence of fly ash (results coded 
in “yes” or “no”) and elements within the fly ash. As for lift tape samples, the tapes were 
originally assessed by polarized light microscopy (PLM). If spherical particles were identified on 
individual lift tapes, those lift tapes were sent for SEM/EDX analysis. Fly ash particles can be 
easily discerned through scanning electron microscopy by their shape and size: spherical 
particles with diameters ranging from micrometers to millimeters (Aboustait, Kim, Ley, & 
Davis, 2016). Fly ash presence was coded as “yes” if it is found in either lift tapes or filters—
they did not have to be found in both to be characterized as present.  
 Child Behavior Checklist and DSM V criteria. 
The CBC was used to discern if child participants have a clinical level of conduct 
disturbance. Hudziak, Copeland, Stanger, & Wadsworth (2004) examined the validity of using 
the CBC to predict DSM-defined externalizing disorders. Through logistic regression and 
receiver-operating characteristic analysis, they found that the CBC’s “aggressive behavior” scale 
does well in predicting conduct disorder. They also found that a t-score of 55 accurately 
discriminates cases of clinical conduct disturbance from non-cases.  
There are seven scales in the CBC (Hudziak et. al, 2004), but this study will examine the 
two that are associated with conduct disorder: “delinquent behavior” and “aggressive behavior.” 
The decision in using these two specific scales came from the DSM V’s four diagnostic scales of 
conduct disorder: 1) “aggression to people and animals,” 2) “destruction of property,” 3) 
“deceitfulness or theft,” 4) “serious violations of rules” (American Psychiatric Association, p. 
469-470, 2013). The first scale of the DSM V is related to the CBC’s “aggressive behavior” 
scale. The CBC’s “delinquent behavior” scale corresponds with scales 2, 3, and 4 from DSM V. 
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In a study that examines the CBC’s assessment of conduct disorder, the same relationship was 
illustrated (Lowe, 1998). 
Though the CBC is reliable and valid for screening behavioral and social problems, it is 
not advised to base DSM diagnoses solely on this questionnaire (Lowe, 1998). Despite its 
inability to diagnose disorders by itself, the CBC is a good tool to assess conduct disturbance. A 
t-score of 55 was used as a cutoff for conduct disturbance, and the results were coded as “yes” or 
“no.” The CBC is normed by age and gender to get an accurate t-score. These results were 
inputted in SPSS and SAS and were analyzed by logistic regression. 
Logistic regression model. 
Logistic regression is a popular model in epidemiological research due to the logistic 
function on which it is based (Kleinbaum & Klein, 2010). The binary nature of the model fits 
what this study is examining; one axis measures fly ash exposure (0 = no or 1 = yes) and one 
measures conduct disturbance t-score (0 = t-score below 55 or 1 = t-score at or above 55).  
Child participants had two different t-scores characterizing conduct disturbance; they 
were scored on the “delinquent” and “aggressive” behavior scales of the CBC. T-scores of the 
“aggressive behavior” scale were compared with fly ash exposure, unadjusted and adjusted for 
covariates. Similarly, t-scores of the “delinquent behavior” scale were compared with fly-ash 
exposure with an adjusted and unadjusted model. The adjusted models included the covariates 
described below. 
Covariates. 
Covariates used for the adjusted models include child participants’ prior lead exposure, 
age, gender, socioeconomic status, and secondhand smoke exposure.  
Lead exposure. 
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Lead exposure is an important covariate to include in this model as several studies have 
found that it is related to delinquent behavior (Marcus, Fulton, & Clark, 2010). Several studies in 
Marcus, Fulton, and Clark’s (2010) meta-analysis used the Child Behavior Checklist as a 
conduct problem measure. One study in the meta-analysis notes that lead damages the central 
nervous system, at both low and severe exposure levels (Marlowe & Errera, 1982).  
Estimation of lead exposure was determined by the year in which participants’ homes 
were built. The age of the house was used as the proxy for lead exposure and was used as a 
dummy variable. Houses built in 1978 or earlier were coded as 1, while houses built after 1978 
were coded as 0. In 1978, the federal government banned the use lead-based paint in homes 
(United States Environmental Protection Agency, 2019). Participants living in houses built 
before 1978 are more likely to have come in contact with lead than their counterparts with newer 
homes.  
Gender. 
This study is interested in externalizing conduct disturbance, which boys are most likely 
to display (Kazdin, 1995). Contrarily, girls usually have internalizing conduct disturbance, such 
as shyness. Risk factors for conduct disturbance also vary by gender. In accordance with 
Trembley et. al (1992), Kazdin (1995) found that “teacher ratings of aggression in the first grade 
predict delinquency years later for males but not for females” (p. 62). Kazdin (1995) also notes 
that protective factors may vary by gender, though more research is required to assess these 
factors. Gender is included in most forms and questionnaires filled out by the participant’s parent 
or guardian. 
Second-hand smoke exposure. 
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Second-hand smoke is an important covariate to include due to the large number of 
children exposed; in 2004, 40% of children worldwide were exposed to second-hand smoke 
(Öberg, Jaakkola, Woodward, Peruga, & Prüss-Ustün, 2011). One study found that children with 
transient and continuous second-hand smoke exposure had higher scores of antisocial and 
aggressive behavior than children who were not exposed (Pagani & Fitzpatrick, 2013). 
 Pagani & Fitzpatrick (2013) offer an explanation for this: nicotine alters brain structure, 
and, consequently, its function. By assessing findings from similar studies, they found that 
exposure predicts “structural disturbances in the orbitofrontal regions recruited for social and 
emotional regulation” (Swan & Lessov-Schlaggar, 2007; Huebner et. al, 2008; Moffit & Caspi, 
2001) (p. 556). As previously stated, children with conduct disturbance have trouble regulating 
emotions (Chen et. al, 2018). In addition, there are metals in secondhand smoke that might alter 
the influence of fly ash exposure. One study found that children with secondhand smoke 
exposure have increased accumulations of lead and cadmium in their bodies (Li et al., 2017). 
 Therefore, second-hand smoke exposure is a reasonable covariate, because it has been 
proven to alter brain function. Second-hand smoke exposure will be measured by the nurse’s 
home assessment. 
Age. 
Conduct disturbance can vary depending on age. The specific definition of conduct 
disorder includes violation of “age-appropriate societal norms” (American Psychiatric 
Association, 2013, p. 469). Therefore, there are different norms at different ages, so it would be 
unfair to equate a 4-year-old and a 12-year-old who are exhibiting similar behaviors. Risk factors 
for conduct disturbance also vary by age (Kazdin, 1995). For instance, Offord et. al and Rutter 
found poverty to “serve as a risk factor for child-onset conduct but not adolescent onset” conduct 
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disturbance (as cited in Kazdin, 1995, p. 62). Parents or guardians note their children’s ages in 
most of the forms and questionnaires. Age was used as a continuous variable in the regression 
analysis. 
Socioeconomic status. 
Research suggests socioeconomic disadvantage is associated with an increased risk for 
conduct disturbance (Hawkins, Catalano, & Miller, 1992). One interpretation of this relationship 
is that families struggling financially often have to work more, leading to poor child supervision 
(Kazdin, 1995). For this study, maternal education level is used to predict socioeconomic status. 
Maternal education data was collected from participants on the enrollment form. Maternal 
education was categorized as a.) high school or less (coded as 4), b.) some college (coded as 3), 
c.) college degree (coded as 1), or d.) graduate school or more (coded as 0). 
Results 
Of the 210 child participants, 80% (n=168) had fly ash detected in their homes while 20% 
(n=42) did not. Table 1 shows the characteristics of fly ash exposed children. Twenty-eight 
percent (n=59) of total participants had a t-score of 55 or higher on the aggression scale. As for 
the delinquency scale, 23.3% (n=49) of total participants had a t-score of 55 or higher. 
 The unadjusted odds ratio of fly ash exposure and aggression was 1.553 (95% CI= 
0.693, 3.484), with the adjusted being 1.610 (95% CI= 0.706, 3.670). Table 2 displays factors 
associated with aggression in children. As for fly ash exposure and delinquency, the unadjusted 
odds ratio was 1.468 (95% CI= 0.588, 3.200) and the adjusted was 1.399 (95% CI= 0.618, 
3.486). Table 3 shows factors associated with delinquency in children. 
 




Characteristics of children exposed to fly ash. 
 
Characteristic           Exposed to fly ash            Unexposed to fly ash                     Total 
                      (n=168) (%)         (n=42) (%)    (n=210) (%) 
 
Race 
White          126 (75.0)                31 (73.8)   157 (74.8) 
         Other          39 (23.2)                10 (23.8)   53 (23.3) 
Gender 
Girl          74 (44.0)     19 (45.2)              93 (44.3) 
Boy          94 (56.0)                  23 (54.8)   117 (55.7) 
Secondhand Smoke Exposure 
Yes          38 (22.6)                8 (19.0)   46 (21.9)  
 No          129 (76.8)               34 (81.0)   163 (77.6) 
Maternal Education Level 
 High school or less        34 (20.2)               11 (26.2)   45 (21.4) 
 Some college         55 (32.7)               14 (33.3)       69 (32.9) 
 College degree        51 (30.4)               10 (23.8)   61 (29.0) 
 Graduate school or more       28 (16.7)               7 (16.7)   35 (16.7) 
Year home was built 
 Pre-1978         116 (69.0)               31 (73.8)   147 (70.0) 
 1978 or later         52 (31.0)               11 (26.2)   63 (30.0) 
Age 
 6           5 (3.0)               2 (4.8)   7 (3.3) 
 7           21 (12.5)               2 (4.8)   23 (11.0) 
 8           16 (9.5)               6 (14.3)   22 (10.5) 
 9           15 (8.9)               0 (0)    15 (7.1) 
 10           17 (10.1)               6 (14.3)   23 (11.0) 
 11           16 (9.5)               4 (9.5)   20 (9.5) 
 12           27 (16.1)               5 (11.9)   32 (15.2) 
 13           16 (9.5)               10 (23.8)   26 (12.4) 
 14           35 (20.8)               7 (16.7)   42 (20.0) 
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Table 1 (continued). 
 
Aggression 
 T-score below 55        118 (70.2)   33 (78.6)   151 (71.9) 
 T-score 55 or higher        50 (29.8)   9 (21.4)   59 (28.1) 
Delinquency 
 T-score below 55        127 (75.6)   34 (81.0)   161 (76.7) 






























Factors associated with aggression in children. 
 
Factor     Crude OR  95% CI   Adjusted OR  95% CI 
 
Fly Ash Exposure 
 Yes    1.553   0.693 to 3.484   1.610   0.706 to 3.670 
 No    Referent      Referent 
Race 
 White    0.872   0.440 to 1.727   0.821   0.404 to 1.667 
 Other    Referent      Referent 
Gender 
 Boy    1.825   0.975 to 3.414   1.766   0.931 to 3.350 
 Girl    Referent      Referent 
Secondhand Smoke Exposure 
 Yes    1.689   0.844 to 3.381   1.560   0.764 to 3.182 
 No    Referent      Referent 
Maternal Education Level 
 High school or less  Referent      Referent 
 Some college 
 College degree   
 Graduate school or more 0.885   0.654 to 1.198   0.930   0.674 to 1.283 
Year home was built 
 Pre-1978   1.752   0.867 to 3.537   1.504   0.726 to 3.118 
 1978 or later   Referent      Referent 










Factors associated with delinquency in children. 
 
Factor     Crude OR  95% CI   Adjusted OR  95% CI 
 
Fly Ash Exposure 
 Yes    1.372   0.588 to 3.200   1.468   0.618 to 3.486 
 No    Referent      Referent 
Race 
 White    0.799   0.390 to 1.637   0.788   0.377 to 1.651 
 Other    Referent      Referent 
Gender 
 Boy    0.968   0.509 to 1.842   0.906   0.466 to 1.759 
 Girl    Referent      Referent 
Secondhand Smoke Exposure 
 Yes    1.600   0.771 to 3.324   1.439   0.681 to 3.040 
 No    Referent      Referent 
Maternal Education Level 
 High school or less  Referent      Referent 
 Some college 
 College degree   
 Graduate school or more 0.873   0.633 to 1.205   0.913   0.648 to 1.287 
Year home was built 
 Pre-1978   2.659   1.166 to 6.065   1.504   0.726 to 3.118 
 1978 or later   Referent      Referent 










As hypothesized, there is potential evidence of an association between conduct 
disturbance in children and exposure to fly ash, as indicated by the elevated odds ratios from the 
logistic regression analysis. However, the results are not statistically significant. For this 
analysis, only 210 children were included, while the study goal is to enroll 300 children. 
Most relationships between covariates and behavioral scores were as expected. For 
example, pre-1978 homes and secondhand smoke exposure had elevated odds ratios in relation to 
aggression (1.752 and 1.689, respectively).  
Strengths 
 This study is the first to examine fly ash exposure and conduct disturbance in children. 
There are some studies that examine pollution’s relationship with conduct disorder, but none 
look at fly ash specifically. The measurement of fly ash alone is also a positive outcome of this 
study. Awareness of where fly ash is present and the prevalence of exposure is beneficial to 
community members and researchers, alike. Another strength of this study is the use of the Child 
Behavior Checklist (CBC). The CBC is widely used and demonstrates good diagnostic accuracy 
and reliability (Hudziak et. al, 2004; Lowe, 1998). 
Limitations 
Due to the nature of conduct disturbance, participants in the study may not be 
representative of the whole population. For example, one DSM diagnostic criterion is “serious 
violations of rules” (American Psychiatric Association, p. 470, 2013). While the criterion itself 
notes seriousness, usually talking about truancy or running away, it could also apply to more 
minor issues, such as being unwilling to follow the rules of the study. Parents of children with 
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significant conduct problems might be reluctant to enroll in the study, assuming their child 
would be noncompliant. 
 Another limitation is that the study is only measuring fly ash in the household. This study 
does not measure outside air, where the children might play, or other places that children might 
be exposed, such as schools. However, people spend approximately 93% of indoors (U.S. EPA, 
1989). That being said, pollution concentrations are often higher indoors (U.S. EPA, 1987). This 
study also assumed that fly ash presence in the house correlated with fly ash in participants’ 
bodies.  
 A considerable number of participants also lived near factories, possibly being exposed to 
their pollutants. Many participants also lived near busy roadways, likely exposing children to 
traffic pollution. One study found that living near highways is associated with lower cognitive 
function (Power et. al, 2011). So, pollution from other sources might influence children’s 
behavior. 
 A fourth limitation is that the CBC is a parent report. Parents could be biased when they 
discuss their children. One example is that parents may not want to accept their child’s actions, 
so they do not accurately fill out the checklist. Another possibility is the availability bias—
people often report what is most salient to them. For instance, if someone’s son had a tantrum the 
day before they filled out the CBC, they might be more inclined to rate behavior problems more 
severely than what is true. 
 This study also did not take parent-child interaction into account. Previous research 
indicates certain parenting and punishment styles puts children at risk for conduct disturbance 
(Kazdin, 1995). Studies suggest inconsistent discipline is linked to delinquency in children. Also, 
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the severity of punishment a child receives is associated with their degree of aggression (Sears, 
Maccoby, & Levin, 1957).  
 Genetics also play a role in the development of conduct problems. One study of adult 
twins suggests genes play a substantial role in the risk for developing conduct disorder (Slutske 
et. al, 1997). Adoption studies further support the idea of the role of genetics in developing 
conduct disorder (Kazdin, 1995). With the minimization of shared environmental influence, the 
connection between genes and risk of conduct disturbance is clearer. 
Future Directions 
 For further research, a larger sample size is needed. This study only assessed 210 
children, when the total enrollment should be 300 children. Future studies might also use 
parenting style as a covariate. Abidin’s (1990) Parenting Stress Index, a self-report inventory for 
parents, could give insight to specific parent characteristics that may affect their child’s risk for 
conduct disturbance. Though there were no significant findings in this study, hopefully this paper 
will bring more awareness about the possible relationship between conduct disturbance and fly 
ash exposure.  
It is also important to note that 80% of participants’ homes had fly ash, as measured by 
air sampling or lift tapes. This information may be useful for people considering moving within 
10 miles of power plants, as well as current members of those communities who are concerned 
about air pollution. As touched on earlier, many people do not know what fly ash is, let alone the 
potential health implications from exposure. More research is needed to fully understand the 
health impacts of exposure to fly ash. Additional epidemiological studies and different study 
designs are needed. If further research confirms a relationship between fly ash and conduct 
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problems, this might influence the Environmental Protection Agency (EPA) to regulate fly ash 
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